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© A method of manufacturing an optical interference authenticating device. 
• © Hard to simulate, readily distinguishable from counter- 
felts, optical Interference authenticating devices are provided 
by depositing two coatings (28, 30 Fig. 2; 30, 32, Fig. 4) on a 
substrate (26), each coating comprising at least one optical 
interference layer, the material of each layer being selected 
so that the two coatings together end separately have 
different spectral reflectance and spectral transmittance 
characteristics at different angles of incidence of light 
thereon. The substrate may be, for example, a polyester film 
and a first one of the coatings is sufficiently radiation 
absorbing of, say infra red radiation that at least one portion 
of that coating can be removed by an infra red laser beam 
(34) through, for example, a mask (36) to provide a readily 
distinguishable pattern (42) on the substrate. The first 
coating (30) may be, for example, a multilayer absorber 
coating containing Inconel, aluminium or some other suit- 
able material, while the other coating (28, Fig. 2; 32, Fig. 4) 
which is insufficiently radiation absorbing by, for example, 
Infra red radiation to be substantially resistant to excavation 
solely by the infre red laser beam may be, for example, a 
multilayer coating of Zr0 2 or Si0 2 etc. If the first coating is 
outermost from the substrate (Fig. 2) then only the first 
coating will be excavated by the infra red laser beam. If the ~1 
second coating is outermost from the substrate (Fig. 4) then I 
both the first and the second coatings will be excavated by 
the infra red laser beam. ^ 
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A method of ' manufacturing- an optical interference 
authenticating device 

This invention relates to a method of manufacturing an optical 
interference authenticating device. 

One optical interference authenticating means described in 
United States Patent No. 3,858,977, dated January 7, 1975, Baird et al, 
5 makes use of the fact that the reflected colour from a white light that 
one would actually perceive when such a filter is attached to an opaque 
substrate depends strongly on the angle of viewing and on the colour of 
the surface of the substrate. For example, a free standing nine layer 
filter composed of alternate optical interference layers of zinc sulphide 
0 and magnesium fluoride may have a high reflectance in the red part of the 
spectrum, and when viewed at increasing angles of incidence the 
wavelength of the main reflectance peak shifts from the red through the 
yellow and green towards the blue part of the spectrum. But the colour 
that one would actually perceive when such a coating is attached to an 
5 opaque surface will depend strongly on the spectral absorption 
characteristics and thus colour of that surface. Since at normal 
incidence the filter will strongly reflect red light, light of shorter 
wavelengths will be transmitted by the filter and will fall on to the 
opaque surface. Some of the light falling on the opaque surface is 
0 reflected back by this surface and transmitted out again by the filter, 
and if this is substantially all of the light transmitted by the filter! 
then the reflected light from the surface will recombine with the 
reflected light from the filter to produce, what is observable by the eye 
as, white light once more. In practice, the composition of the perceived 
5 light will, in general, not be completely white. The reason for this is 
that there may be some residual absorption within the interference 
layers, and that the reflectance of even a white surface is not 100% and 
that this reflectance is not normally specular, but is diffuse. 

If a suitable combination of optical interference coatings and 
surface colour and pattern of the substrate are chosen, it is possible to 
obtain interesting colour effects. A maximum colour contrast is obtained 
where the surface of the substrate is coloured black. On the other hand, 
very little colour is observed where the substrate is coloured white 
because the- white colour substantially does not absorb. Thus, a black 
silhouette on a white background on the substrate will only show the 
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silhouette brightly revealed in the saturated hue reflect d by the 
filter. Furthermore, the hue will change when the viewing angle is 
changed. 

As this effect cannot be duplicated by any paint, pigment or 
5 colour copying procedure it enables the man in the street to distinguish 
at a glance an authentic valuable paper bearing such optical interference 
layers from even the best counterfeit lacking this authenticating 
device. 

United States Patent No. A, 186,943, dated February 5, 1980, 

10 P.D. Lee makes use of the optical interference authenticating coatings 
tnught by Baird et al by incorporating them as a narrow strip of thin 
film running through the material of a sheet, in a manner similar to that 
of the well known and currently used security thread in a British 
banknote. The transmissivity of the sheet varies about the thin film so 

15 that at least one point where the transmissivity is relatively great the 
sheet constitutes a pair of superposed windows between . which the thin * 
film extends so as to be visible through each window to permit observance 
of the spectral reflectance and spectral transmit tance characteristics. 

While widespread interest has been shown in the optical 

20 interference authenticating coatings taught by Baird et al it would 
clearly be desirable to improve their security effectiveness by enabling 
the man in the street to better distinguish at a glance, for example, an 
authentic, valuable paper bearing such optical interference coatings from 
even the best counterfeit bearing an imitation of this authenticating 

25 device. 

It would also be desirable to improve the security 
effectiveness of the optical interference coatings taught by Baird et al 
by making them even harder to simulate. 

According to the present invention there is provided a method 
30 of manufacturing an optical interference authenticating device 
comprising; 

a) depositing two coatings on a substrate, each of the said coatings 
comprising at least one optical interference layer, the materials of the 
layers being selected so that the tw coatings together and separately 
35 have different, known spectral reflectance and spectral transmittance 
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characteristics, at different angles of incidence of light thereon, 
i) a first one of the said coatings being sufficiently radiation - 
absorbing for electromagnetic radiation of a particular wavelength to be 
e xcavatable by a beam thereof of sufficient intensity and duration, 
5 ii) a second one of the said coatings being insufficiently radiation - 
absorbing for the said electromagnetic radiation of a particular 
wavelength to be substantially resistant to excavation solely by 
absorbing radiation of a beam thereof of sufficient intensity and 
duration to excavate the said first one of the coatings, and 
10 b) excavating, by a beam of the said electromagnetic radiation, at least 
one identifiable configuration in the said first coating, to form at 
least one excavated area on the substrate having at least one of said 
characteristics sufficiently different from that of the remainder thereof 
to be distinguishable therefrom at a particular angle of incidence of 
15 light on the substrate. 
^ In some embodiments of the present invention the second coating 

is deposited on the substrate before the first coating is deposited 
thereon, so that the second coating remains substantially intact when the 
^ said at least one portion of the first coating is excavated by the beam 
20 of electromagnetic radiation. 

In other embodiments of the present invention the first coating 
is deposited on the substrate before the second coating is deposited 
thereon, so that portions of both the first and second coatings are 
excavated by the beam of electromagnetic radiation. 
25 In vet other embodiments of the present invention the first 

coating is substantially transparent for a known spectral region. 

The second coating may be substantially transparent for a known 
spectral region. 

When the. optical interference authenticating device is' for 
30 attachment to a substantially non-transparent article, the substrate is 
preferably of a material that is substantially transparent for the 
spectral regions of the known characteristics of the first and second 
coatings so that the substrate may form a protective, outer covering for 
the first and second coatings when the optical interference 
35 authenticating device is attached to the non-transparent article. 
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In some embodiments of the present invention at least on 
further coating comprising at least one further layer having different, 
known spectral reflectance characteristics and spectral transmittance 
characteristics to the remainder is deposited on the substrate. 
5 The electromagnetic energy may be infrared laser radiation. 

When the electromagnetic energy is infrared laser radiation it 
preferably has a wavelength at least of the order of 5.0 um when it is 
directed through the substrate, in the form of a polyester film having a 
thickness no greater than of the order of 0.25 mils, to excavate the said 

10 at least one portion of the first coating. In this case the sum of the 
optical thicknesses of the two coatings, including any other coatings 
having known spectral reflectance and transmittance characteristics that 
may be deposited on the substrate, preferably does not exceed 2.2 ym, and 
better still does not exceed 0.4 ura. 

15 Applicants have found that patterns produced in optical 

interference authenticating devices by electromagnetic radiation and in 
accordance with the present invention may not be subject to the 
restrictions normally associated with patterns produced by, for example, 
vapour deposition through stencils or masks and even very delicate 

20 patterns, which cannot be produced in any other manner known to the 
applicants, can be produced in a much easier manner than relatively 
cruder patterns can be produced by, for example, vapour deposition 
through masks or stencils. 

In the accompanying drawings which illustrate, by way of 

25 examplei embodiments of the present invention; 

Figure 1 is a diagrammatic side view of a vacuum coating 
apparatus for depositing optical multilayer coatings on one side of a 
substrate, 

Figures 2 to 4 are enlarged, sectional end views along 11-11, 

30 Figure I, 

Figure 5 is a diagrammatic side view of an apparatus being used 
to manufacture a strip of optical interference devices, and wherein a 
mask therein is sectioned along V-V, Figure 6, 

Figure 6 is a view along VI-VI Figure 5 of mask, 

35 
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Figure 7 is a view al ng V1I-VII, Figure 5 of a p rtion of the 
laser etched strip, 

Figures 8 to 11 are graphs showing the spectral transmit tances 
in the infrared of polyester films of different thicknesses, 
5 Figure 12 is a diagrammatic side view of an apparatus being 

used to manufacture having two masks and being used to manufacture a 
strip of optical interference devices, and wherein the two masks therein 
are sectioned along Xlla-XIIa, Figure 12 and Xllb-XIIb, Figure 13, 

Figure 13 is a view along XIII-XIII, Figure 12, of one of the 

10 masks, 

Figure 14 is a view along XIII-XIII, Figure 12, of the other 

mask, 

Figure 15 is a view along XV-XV, Figure 12 of a portion of the 
laser etched strip, 

15 Figure 16 shows a comer view of a zinc selenide plate mask 

having a vapour deposited mask pattern thereon, 

Figure 17 is an end view along XVII-XVII, Figure 16, and 
Figure 18 is an end view of similar zinc selenide plate mask to 
that shown in Figure 16 but having a shim mask pattern mounted thereon. 

20 In Figure 1 there is shown a known type of vacuum deposition 

apparatus comprising a casing I having two partitions 2 and 4 dividing 
the casing into a substrate supply compartment 6, a vacuum deposition 
compartment 8 and a substrate receiving compartment 10, The partition 2 
has a substrate inlet slot 12 to the vacuum deposition compartment 8 and 

25 the partition 4 has a substrate outlet slot 14 from the vacuum deposition 
compartment 8. 

The substrate supply compartment 6 has a supply reel 16 of 
substrate and the substrate receiving compartment 10 has a substrate 
take-up reel 18. The vacuum deposition compartment 8 has a vacuum* port 
30 20 and three evaporation sources 22 to 24. 

In operation, a web of a substrate 26 of, for example, 
polyester film fed through the vacuum deposition compartment 8 from the 
supply reel 16 and is taken up on take-up reel 18. A vacuum of about 
10" 4 * to 10" 7 torr is applied to the compartment 8 through the vacuum port 
35 20 while the evaporation sources 22 to 24 form vapour clouds of 
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materials, which either do not absorb elect roraagnetic radiation in the 
visible part of the spectrum, such as cryolite, NaF, LiF, MgF 2 , Si0 2 , 
ThK 4 , LaF 3 , NdF 3 , CeF 3 , Ge0 2 , Th0 2 , AJ 2 0 3> MgO, PbF 2 , Ce0 2 , Sb^ , Hf C> 2 , 
Bi 2 0 3 ,' La 2 0 3 , Sc 2 0 3 , Nc^Og, Ta^ , SiN, Zr0 2 , ZnS, Ti0 2 , or which do 
5 absorb electromagnetic radiation in the visible part of the spectrum, 
such as Ag, Al, Au, Cu, Cr, Ge, Ni, NiCr, Si, Rh. The vapour clouds 
deposit thin layers on the underside of the substrate 26. The sequence 
of the materials and their rates of evaporation on the substrate 26 are 
chosen to result in an optical multilayer coating, on the underside of 
10 the substrate 26, having the desired spectral reflectance and spectral 
transraittance. 

Referring now to Figures 1 and 2, in experiments to verify the 
present invention, the pol yester film sub strate 26 was fed from the 
supply reel 16 through the /v acuum depositioj c ompartment 8 to the take-up 

15 real 18 as many times as was necessary to deposit the required optical 
multilayer coating. Thus, for the coating of Figure 2, a component layer 
coating 28 was deposited composed of 2 r0 2 and Si0 2 layers so that the 
coating 28 is essentially non-absorbin g in the visible part of the 
spectrum . Then a component layer . system 30 was deposited, usually 

20 composed of a few SiC^ and Inconel layers, that had a substantial 
absorption at the intended laser wavelength, and was therefore 
vnpourlznhle. In addition, the thicknesses of the individual lnyers 
making up the two component layer systems 28, 30 were so chosen that the 
total (or combined) optical multilayer coating had the required spectral 

25 transraittance and reflectance characteristics. 

Referring now to Figures 1 to 3, for other experiments to 
verify the present invention the coated polyester film substrate 26 was 
passed through the vacuum deposition compartment 8 again and vacuum 
coated with Zr0 2 and Si0 2 vapour to provide an additional, third, 

30 essentially electromagnetic radiation non-absorbing, component layer 
coating 32. 

Referring now to Figure 4, there is shown yet another 
embodiment of the present invention wherein the absorbing component layer 
coating 30 is first applied to the substrate 26, and then the essentially 

35 
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non-absorbing component layer coating 32 is applied thereon. In other 
words, no coating 28 (Figure 3) is provided. 

Referring now to Figures 5 to 7, where similar parts to those 
shown in Figure 2 are designated by the same reference numerals and the 
5 previous description is relied upon to describe them, there is shown the 
coated substrate of Figure 2 being laser etched to provide an excavated 
strip of optical interference devices. 

In Figures 5 to 7 high power density, parallel laser beam 
radiation 34 from a source (not shown) is directed towards a mask 36 and 

10 the unmasked portion 38 of the laser beam radiation 34 is imaged by a 
converging lens 40, after passing through the mask 36, on to the coatings 
28 and 30 on the substrate 26. 

The unmasked portion 38 of the laser beam radiation 34 
excavates the portion of the absorbing component layer coating 30 to 

15 expose the same configuration 42 (Figure 7) of the reflecting coating 28 
as the laser beam radiation transmitting opening 44 (Figure 6) in the 
mask 36. The substrate 26 is fed passed the laser beam radiation 34 by a 
step motor (not shown) so that a series of configurations 42 are 
excavated along the substrate 26 which may be eventually cut to provide 

20 individual optical interference authenticating devices. 

Thus the laser radiation etching method' according to the 
present invention is based on the fact that when a high power density 
laser beam radiation incident from direction B (Figure 2) falls on to a 
coating having a high absorption coefficient coating at the wavelength of 

25 the laser beam radiation, such as the absorbing component layer coating 
30, the portion 38 of the coating receiving the laser beam radiation, 
together with any coatings 32 (Figure 3) is or are excavated if the power 
density of the portion 38 of the laser beam radiation 34 is of sufficient 
magnitude for this purpose. 

30 If the absorption coefficients of materials of substrate 26 

(Figure 2) and the coating 28 are very small or zero at the wavelength of 
a high power density laser beam radiation incident from direction A then 
the laser beam will excavate the absorbing component layer coating 30 and 
any coatings. 32 (Figure 3). The same situation applies to the coatings 

35 30 and 32 (Figure 4). 
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If the absorption coefficients of the materials of the 
substrate 26, and the coatings 28 (Figure 2) and 32 (Figure 3) are 
intermediate in magnitude at the wavelength of the laser beam, then the 
laser beam radiation 38 may be gradually absorbed within these coatings 
without excavating them. Furthermore, the resulting attenuation of the 
laser beam radiation 38 may be of such a magnitude, that the power 
density of the laser beam radiation reaching the absorbing component 
layer coating 30 may be insufficient to excavate the portion thereof that 
the laser beam radiation impinges upon. 

The laser beam radiation 38 may also be seriously attenuated 
even when the magnitudes of the absorption coefficients of the materials 
of the component layer coatings 28 and 32 and the substrate 26 are small 
or zero at the wavelength of the laser beam radiation, if the 
reflectances of these materials, or indeed of the absorbing component 
layer coating 30 are great at the wavelength of the laser beam 
radiation. 

It should be noted that, in general, the reflectance 
characteristics of the absorbing component layer coating 30 (Figures 2 to 
4) will be different for laser beam radiation incident from direction A 
to that from direction B. 

In the experiments to verify the present invention using the 
apparatus shown in Figures 5 to 7, the laser radiation source was a laser 
apparatus marketed under the trademark Laser Mark Model 920L by Lumonics 
Inc., Ottawa, Canada, and having: 

a pulsed C0 2 TEA laser beam, X - 10.6 pm, 
an output of 2.5 to 5.0 Joules/pulse, 
a beam size of approximately 2 cm x 2 cm, 
an energy density ■ 0.6 to 1.2 Joules/cra 2 , 
a pulse duration « p sec, 
a repetition rate of 1* Hz, 
a germanium, flat front mirror with 70% T, 
a 14 m radius, gold coated, germanium rear mirror. 
The optical system comprised: 

tw spherical, germanium lenses (+/2 and +/6 respectively) 
forming part of the laser apparatus, and for directing a 
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parallel radiation, laser beam to, one cylindrical, 
converging, germanium lens (+/6) constituting the 
converging lens AO. 
The gas used comprised (by volume) 
Initial experiments: 6% C0 2 

6% N 2 
88% He 

and in subsequent experiments, to obtain a greater power density 
output: 

8% C0 2 
8% N 2 
84% He, 

In the experiments the energy density of the laser beam 
radiation incident on the coated or the uncoated side of a i mil 
polyester film forming the substrate 26 was varied by moving the 
converging lens 40 closer to or away from the substrate 26, thus changing 
the magnification of the laser beam radiation incident on the coated side 
of the substrate 26. 

The mask 36 was of brass shim stock, and the laser beam 
radiation transmitting opening 44 in the mask 36, was cut therefrom by- 
means of a pantograph cutter. 

The following Table I gives the construction parameters of five 
multilayer coatings used in the subsequent text. In each instance, the 
polyester used was Mylar. In all the experiments the second medium was 
air. Layer 1 is always closest to the substrate, even when the coating 
is deposited over another coating. 
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The following Table II shows the behaviour of four different 
coated p lyester film substrates when exposed to laser beam radiations of 
different power density outputs incident on either side in directions A 
or B (Figures 2 to 4) of the coated substrate 26. In some instances all 
of the coatings 28, 30 and 32 (Figures 2 to 4) were removed, while in 
others only the coatings 30 and 32 (Figures 3 and 4) were removed. 



10 



15 



20 



25 



30' 



35 



09/10/2002, EAST version: 1.03.0002 



- 12 - 



0181770 



3 

PQ 



CO 
UJ 



CO 

as 
uj 
o 



o 

OS 
CO 

< 



H 

to 

U, 



CO 
H 

a 

*-l 

Q£ 
UJ 
P-. 

UJ 

q£ 
uj 

CO 



to 
o 
ss 

♦—I 

o 
u 

o 

H 

CO 
U3 

to 
to 

a* 

as 

UJ 

to 



u 



U3 
03 

Pi 

to pS 

03 r-l 



w 

Otf U3 

O = 

CO *JJ 

CQ 03 

Pi 

M 



UJ 
CQ 
OS 
O 
to 

P3 

5 

CO 



u 
oj 



o uj 
2 QJ 



u 
ai 

O u-i 

2; <u 



QJ 



O U-l 

5z a> 



u 

0) 

O Uj 

^ 0) 



u 



O u-i 



i 

(D 
P 

r-< W 
<— • CO Q) 

C3 . 

H U "O 

4J « 0) <U 

p > a 

to o w 
pu E a) to 



jj 
u 
qj 

u-i 
O U~i 

z qj 



"2 33 

P r-l p 

% \ JD V 

B £. 

QJ V) 4J 

jj oc«h o 

oo a> E qj 

iJ 0 '" 

f— i U O M *D 

to CO C u-i OJ 



JJ 

U 
0) 
U-i 
O *P 
2 0) 



u 
a; 

o 



JJ 

C r-l 

d C3 

JJ > 

w o 

S> B 

G <u 

to p 



iJ r-l 
JJ QJ CO 
W r-* > 

o o. o 
BEE 
f-i O d) 
< O M 



a 
a) 

U-l 

O u-i 
a: o) 



o 

0) 
u-t 
O uh 
2 0) 



a 

U-l 

o u-i 



oo 



c 

cd CO 

J-» > 

to O 

JO B 

G CD 

to P 



Cd ID 

"H > 

jj g 

co a 

Oh p 



u 

QJ 
U-l 

O u-i 
IS 0) 



00 4J 

-i-t cd 
to 0) 

OA CO 
CO 0) 
PEW) 

QJ Cd TJ 
> 13 CI 



CO QJ ~ O 

•rl 60 PS C *J 

u n) h oj 

W B 4J JC 

CO (0 O 3 

Pu *Q t> J O 



QJ 

JJ ft 

a> <d 

1-8 

O QJ 

a m 



JD r-l 

4J > 

G Q 

P (0 E 

QJ JJ QJ 

> M P 



r-l 00 

Cd TJ C 

> a) -h 

O ^ u 

E co 

QJ UJ O 

POO 



u-t to 

o one 

G> ICO** 

JJH O 

JJ QJ CO JJ • U 

10 rl > I ^ O O 

o o- o qj a a o 

B E 0 G cd <w 

r-l O Q) r-l H U-l 

< O p CQ pq 0) H 



T 

C r-l JC 

CTJ CO 4J 

JJ > O 

0) H O ^ 

43 cd B 

3 *rl QJ <W 

to JJ P o 



co CO 

•rf > 

JJ o 

u B 

cd a) 

&4 P 



0) 

JJ r-l 

0) CO 

r-l > 

& 2 ^ 

E E JJ 

O QJ O 

O P JO 



to 
oc 
c 



H H £ W) 

CO co JJ C 

•rl > O *H 

JJ O JO jj 

P B co 

tO QJ U-l o 

Pu P O O 



u-i oo 

o o o c 

0 I C2 JJ *rl 

JJ I O JJ 

QJ CO JJ * QJ CO 

r-l > I ^ 00 O 

cx o a) u co u 

E E G cd B _ 

O QJ t— I r-l CO Pi 

O p « P3 TJ M 



-qj 

JJ r-l 

QJ CO 

»-l > 
a o 
E E 

O QJ 
O P 



cd 

•rl 

JJ 

cd co 

JJ > 

CO O 

B 

G QJ 

to P 



I 

C r-l 

cd cd 

•u > 

W fH O 

JO co E 

D -h a) 

to JJ P 



UJ 

UJ o 
> cx- 



UJ 



H 0£ h 



ts3 



U (/) H O 

rj w 2 < oi 

w < w > o < 

ai J Q < U- > 



o 
o 



vD 



CM 



vD 

o 



o 
o 



o 



co o 



3 ^. 

UJ O 



CO M 



to o o 

H O UJ OS **T 

f- rr. ui 

^ H > w 

Q UJ Z 2 

uj re u. o uj 

fit! H O U <J 



m 

CM 



in 



o 
o 



CM 



in 

CM 



09/10/2002, EAST Version: 1.03.0002 



0181770 

- 13 - 

In the earliest experiments the available power density outputs 
of the laser beam radiation incident to either side of the substrate 26 
were too low for aluminum coatings to be excavated. It is known that the 
spectral reflectance of aluminum at 10.6 ym is of the order of 981. 
5 Referring now to Figures 8 to 11 the spectral transmittances 

(T) in the infrared of 0.25, 1.0, 4.0 and 7.0 mil thick, polyester 
substrate films are plotted against the wavelength (A) in urn. Also shown 
in Figure 8 is the normal incidence transmit tance in the infrared of a 
seventeen layer blue to red reflecting coating. It will be seen that at 

10 the wavelength (X) of 10.6 ym the transmittances T of the polyester films 
of thickness 0.25, 1.0, 4.0 and 7.0 mil are 85, 53, 15 and 8 percent, 
respectively. From this it will be seen that the excavatable coating can 
best be excavated in the direction A (Figures 2 to 4) through polyester 
film substrates having a thickness no greater than of the order of 0.25 

15 mil, and that laser beam radiation having a frequency tuned to a 
wavelength least of the order of 10.8 ym i6 most efficient. 

It was shown by the experiments that the absorption at 10.6 ym 
within Si0 2 and/or Zr0 2 layers making up the coatings 28 and 32 (Figures 
2 to 4) significantly attenuates 10.6 ym wavelength laser beam radiation. 

20 For example, the transraittance of a 17 layer blue/red reflector on 0.25 
mil polyester film was only 51% at that wavelength (Figure 8). It was 
found that to remove 1 x 2 cm areas readily, the sum of the optical 
thicknesses of the coatings 28 and 32, including any other coatings 
having known spectral t ransmittance and spectral reflectance 

25 characteristics that may be applied to the substrate, should preferably 
not exceed 2.2 ym, and that thickness of any coating should preferably 
not exceed 0.4 ym. 

To construct an accurate model of the laser beam radiation 
excavation mechanism not only the optical constants of the materials of 

30 the substrate and the coatings for the laser beam radiation wavelength 
must be known, but also a number of thermal constants of these materials 



35 
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must also be known. Calculations based on the published values have been 
made to determine the transmlttance, reflectance and absorptance 
characteristics of six different optical interference authenticating 
devices, with and without the multilayer absorber coating, for a 10.6 pm 
5 wavelength laser beam radiation and are tabulated in the following Table 
III. 
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Because of uncertainty in the radiation absorption coefficients 
of the coatings the results given in Table 111 may not be absolutely 
accurate. However, these results do indicate that the radiation 
attenuation due to reflection is quite high, and that the radiation 
5 absorption within an opaque layer of the absorbing component layer 
coating is quite small. There is a significant variation of these 
quantities for different combination of coatings. 

The thermal constants, such as the heat of vapourization and 
thermal conductance, are well known for the materials used in the 

10 experiments. However, some of the materials used in the experiments were 
porous and so the known bulk values were considered of limited use. 
Methods for the investigation of these parameters have already been 
developed by scientists investigating laser radiation damage to coatings. 
Another thing that has to be considered is the effect of adsorbed water 

15 vapour on the laser beam radiation process. 

The design of optical interference authenticating devices * 
having multilayer coatings is a very complex process. To be acceptable, 
these devices must have an adequate visual appearance, withstand severe 
mechanical and chemical abuse, and consist of a reasonably small number 

20 of layers that can be deposited at high rates to keep the cost down. If 
logos are to be produced by the laser beam radiation method, it is 
additionally necessary to optimize the optical properties of the 
multilayers at the laser beam radiation wavelength. The experiments have 
shown that Zr0 2 and Si0 2 as coating materials pair adequately and satisfy 

25 all of the above requirements. 

It was found from the experiments that a coating of A1 2 0 3 is 
transparent in the visible wavelength, yet absorbs radiation strongly at 
10.6 um wavelength. It was also found that a film of this material of 
0.55 ym optical thickness, when deposited onto a polyester film substrate 

30 prior to the deposition of a reflector stack, could successfully be 
excavated with laser beam radiation from either direction k or B (Figure 
2). However, the power density required was greater than that needed to 
vapourize a black absorber coating. From this it was deduced that a 
thinner layer that is an integral part f the reflecting stack would be 

35 better. 
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The design of a black reflector coating based on a metal with a 
lower reflectance at 10.6 »m wavelength was considered because this 
facilitates excavation from the air side. Similar coatings were made for 
the visible part of the spectrum for a different application. In other 
embodiments of the present invention a coating is provided that looks 
black from the Mylar side and has a low reflectance at 10.6 ym wavelength 
from the exposed side. Experiments with a double-black coating indicated 
that this is feasible, but it should be borne in mind that this would 
require the deposition of special layers just for this purpose. 

Other experiments have shown that it is possible to produce 
logos, by the laser beam radiation method, on polyester film treated with 
a release coating. 

Excimer laser beam radiations of 0.308 Vm and 0.248 u m 
wavelengths have also been considered. The efficiency of excavation of 
the absorbing component layer coating will depend on the magnitude of the 
absorption coefficients and these may not always be great enough for 
dielectric materials. Furthermore, complications may arise whenever the 
laser bean, radiation wavelength is shorter than the design wavelength of 
the optical interference authenticating device, higher order reflectance 
peaks of the device may attenuate the laser beam radiation. 

It would seem natural to utilize a laser wavelength in the 
region of high efficiency (98% or more) of the absorbing coating. 
Unfortunately we had no access to high power lasers acting in the visible 
part of the spectrum. Experiments with a laser peaked at 1.06 urn, where 
the absorption of some optical interference authenticating devices is 
still quite high (see Table III), gave poor results. 

In Figures 12 to 15, similar parts to those shown in Figures 5 
to 7 are designated by the same reference numerals and the previous 
description is relied upon to describe them. 

The apparatus shown in Figures 12 to 15 can laser etch more 
complicated patterns in the absorbing component layer coating 30 than the 
apparatus shown in Figures 5 to 7 because two masks 46 and 48 are 
provided. In this embodiment two parallel laser beams 50 and 52 are 
directed simultaneously at the masks 46 and 48, respectively, vapourize 
and remove portions of the absorbing component layer coating 30 and 
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excavate configuration 53 therein corresponding to the laser beam 
radiation transmitting openings 54 and 56 in mask 46 plus the laser beam 
radiation transmitting openings 58 to 60 in mask 48. As with the 
embodiment shown in Figures 5 to 7, the substrate 26 is fed passed the 
5 laser beam radiations 50 and 52 by a stepping motor (not shown) so that a 
series of configurations 53 are removed along the substrate 26 which may 
be eventually cut to provide individual optical interference devices. 

Referring now to Figures 16 and 17 there is shown a different 
type of mask which may be used in, for example, the apparatus shown in 

10 Figures 5 to 7, comprising a zinc selenide plate 62 with antiref lection 
coatings 64 and 66 covering the whole of sides 68 and 70, respectively, 
the plate 62 through which the laser beam radiation is to pass, carrying 
a mask pattern 72 of , for example, gold or aluminum film which will mask 
the absorbing component layer coating 30 (Figures 5 and 7) from the laser 

15 beam radiation 34. Thus with this mask the background is excavated, that 
is, only the portion of the absorbing component layer coating 30 
corresponding to the mask pattern 72 is not excavated. 

In Figure 18, similar parts to those shown in Figures 16 and 17 
are designated by the same reference numerals and the previous 

20 description is relied upon to describe them. 

In Figure 18, a mask pattern 74 is provided cut from gold or 
aluminum shim and bonded to the antiref lection coating 66 by means of a 
suitable cement. 

It is within the scope of the present invention to use, for 

25 example, electron beam radiation, visible laser beam radiation or 
ultraviolet laser beam radiation to excavate the absorbing component 
layer coating. 

The present Invention may be used to produce an optical 
interference authenticating device having at least one non-rectilinear 
30 portion such as, for example, the thread having optical characteristics 
described in United States Patent No. 4,370,057, dated January 25, 1983. 

While the embodiments described use vacuum deposition to 
deposit the coatings on the substrate, It is within the scope of the 
present invention for the coatings to be deposited on the substrate by 
35 other known processes such as, for example, sputtering, deposition from 
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^che mical solution, chemical vapour de position, etc. 

The excavation mechanism is not fully understood, however it 
may be that at least one or more of the following mechanisms is a 
contributing factor: 
5 1. Material vapourisation of the absorbing component layer coating. 

2. Differential expansion of portions of the absorbing component layer 
coating. 

3. ^0 in the pores of the absorbing component layer coating. 

Of the coating materials previously mentioned, NaF, LiF, MgF^ , 
10 Si0 2 , ThF^, LaF 3 , NdF 3 , GeF 3 , Ge0 2 , Th0 2 , A1 2 0 3 , MgO, PbF 2 , Ge0 2 , Sb 2 0 3 , 
Hf0 2 , Bi 2 0 3> La^, Sc^, Nd^, Ta0 5 , SiN, Zr0 2 , ZnS and Ti0 2 are 
suitable for use as coatings which are relatively non-absorbing in the 
visible part of the spectrum, while Ag, Al, Au, Cu, Cr, Ge, Ni, NiCr, Si 
and Rh are suitable for use as coatings which are relatively absorbing in 
15 the visible spectral region. 
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CLAIMS: 

1. A method of manufacturing an optical interference 

authenticating device comprising: 

(a) depositing two coatings on a substrate, each of the said 
coatings comprising at least one optical interference layer, the 
materials of the layers being selected so that the two coatings together 
and separately have different, known spectral reflectance and spectral 
transmittance characteristics, at different angles of incidence of light 
thereon, 

(i) a first one of the said coatings being sufficiently 
radiation-absorbing for electromagnetic radiation of a particular 
wavelength to be excavatable by a beam thereof of sufficient intensity 
and duration, 

(ii) a second one of the said coatings being insufficiently 
radiation-absorbing for the said electromagnetic radiation of a 
particular wavelength to be substantially resistant to excavation solely 
by absorbing radiation of a beam thereof of sufficient intensity and 
duration to excavate the said first one of the coatings, and 

(b) excavating, by a beam of the said electromagnetic 
radiation, at least one identifiable configuration in the said first 
coating, to form at least one excavated area therein having a 
sufficiently different reflectance or transmittance than the remainder of 
the said first coating to be distinguishable therefrom at a particular 
angle of incidence of light on the substrate, 

2. A method according to claim 1, wherein the said second coating 
is deposited on the substrate before the said first coating is deposited 
thereon, so that the said second coating remains substantially intact 
when the at least one portion of the said first coating is excavated by 
the said beam of electromagnetic energy. 

3. a method according to claim 1, wherein the said first coating 
is deposited on the substrate before the said second coating is deposited 
thereon, so that portions of. both the said first and second coatings are 
excavated by the said beam of electromagnetic radiation. 

4. A method according to claim 1, wherein the said first coating 
is substantially transparent for a known spectral region. 
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CLAIMS (cont.) . 
5 * A method according to claim 1, wherein the said second coating 

is substantially transparent f r a known spectral region. 

A nicthod according to claim 1, wherein the optical interference 
device is for attachment to a substantially non-transparent article, and 
5 the substrate is of a material that is substantially transparent for the 
spectral regions of the known characteristics of the first and second 
coatings so that the substrate may form a protective, outer covering for 
the first and second coatings when the optical interference 
authenticating device is attached to the non-transparent article, 
10 7 ' A method according to claim 1, wherein at least one further 

coating comprising at least one further layer having different, known 
spectral reflectance characteristics and spectral transmit tance 
characteristics to the remainder is deposited on the substrate, 
8. A method according to claim 1, wherein the said electromagnetic 

15 energy is infrared laser radiation. 

9 * A niethod according to claim 9, wherein the substrate is a 

polyester film having a thickness no greater than of the order of 0.25 
mils, and the infrared laser radiation has a wavelength at least of the 
order of 10.8 urn and is directed through the substrate to excavate the 
said at least one portion of the said first coating. 
10. A method according to claim 9, wherein the sum of the optical 

thicknesses of the said two coatings, including any other coatings having 
known spectral reflectance and transmittance characteristics that may be 
deposited on the substrate, does not exceed 2.2 urn. 
25 11 • A method according to claim 10, wherein the thickness of any 

coating does not exceed 0.4 pm, 
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